The image reconstruction problem for fully 3D TOF PET is challenging because of the large data sizes involved. One approach to this problem is to first rebin the data into one of the following lower dimensional formats: 2D TOF, 3D non TOF or 2D non TOF. Here we present a unified framework based on a generalized projection slice theorem for TOF data that can be used to compute each of these mappings. We use this framework to develop approaches for rebinning into non TOF formats without significant loss of information. We first derive the exact mappings and then describe approximations which address the missing data problem for oblique sinograms. We evaluate the performance of approximate rebinning using Monte Carlo simulations. Our results show that rebinning into non TOF sinograms retains significant SNR advantages over sinograms collected without TOF information.
Introduction
Fully 3D time-of-flight (TOF) PET scanners offer the potential for previously unachievable signal-to-noise ratio in clinical PET. Recent developments of fast scintillators such as LSO (Moses and Derenzo 1999) and LaBr 3 (Kuhn et al 2004) make clinical TOF PET practical (Surti et al 2006 (Surti et al , 2007 . However, fully 3D TOF PET image reconstruction using accurate system and noise models is a challenging task due to the huge data size. One approach to this problem is to first rebin 3D TOF PET data into a lower dimensional space. The single slice rebinning (SSRB-TOF) of Mullani et al (1982) combines the oblique TOF sinograms to form a set of stacked 2D TOF sinograms in a similar manner to SSRB for non TOF data. As an alternative to SSRB-TOF, Defrise and his colleagues proposed an approximate Fourier rebinning method, where the rebinning is performed in the Fourier domain. This approximate 
